Various treatment levels and methods are described for swimming pools using treatments based upon the actual condition of the pool and water.
Within recent years there has occurred a tremendous increase in the construction and use of swimming pools; especially in the number of residential pools which are estimated by Swimming Pool Age (1961) to be 211,800 of a total of 310,700 pools in the United States. Similar increases have also occurred in the number of semipublic and public pools. It has become increasingly necessary that more effective materials and methods for the control of algae and other organisms in swimming pools based upon adequate laboratory and field testing be provided to pool owners.
Various chemicals or products toxic to algae have been described and some have been used for the control of algae in swimming pools (McIntyre, 1949; Bowser, 1951; Fitzgerald, Gerloff, and Skoog, 1952; Williams, Groniger, and Albritton, 1952; Foter, Palmer, and Maloney, 1953; Fitzgerald and Skoog, 1954; Palmer and Maloney, 1955; Maloney and Palmer, 1956; Rohm and Haas Company, 1956; Andrey and Mirimanoff, 1957; Zehnder and Hughes, 1958; Maloney, 1958) .
The study by Fitzgerald (1959) algicides provides a convenient laboratory method for the testing or comparison of algicidal and bactericidal properties of swimming pool additives. The present studies were undertaken to ascertain the effectiveness of Armazide, a new pool algicide and sanitizer, in killing and controlling algae and other organisms of concern in swimming pool maintenance. This commercial product consists of 12 % w/v each of dodecylamine hydrochloride, trimethyl alkyl ammonium chloride, and methyl alkyl dipolyoxyproplyene ammonium methyl sulfate in the form of a solution, and is referred to hereafter as DTM.
Because of potential reduction of activity due to water hardness (Ridenour and Armbruster, 1948; Butterfield, Wattie, and Chambers, 1950; Humphreys and Johns, 1953; Chambers et al., 1955; Cousins and Clegg, 1956 ) tests were performed to evaluate the algicidal and bactericidal properties in standard media and in media with 200 ppm added hardness. Field tests were conducted to determine effective treatment levels and methods in swimming pools presenting the range of conditions frequently encountered.
MATERIALS AND METHODS Algicidal activity. Two series of algicidal tests were performed by methods derived from those of Fitzgerald (1959) . In each series of tests, the algicidal activity was tested against algae in the medium described by Allen (1952) and in Allen's medium to which had been added 200 ppm hardness (AOAC, 1960) . Cultures of Chlorella pyrenoidosa, a green alga producing a "pea-soup green" water, and Phormidium retzii, a blue-green alga producing growths on the walls and bottoms of pools, were grown in Allen's medium.
The first series of tests were performed as follows: (i) placing 50 ml of the appropriate cultures in 125-ml Erlenmeyer flasks (Chlorella culture containing 500,000 cells per ml and Phormidium culture containing three barely visible clumps per flask); (ii) adding the appropriate concentration of the DTM; (iii) culturing the algae under 150 ft-c continuous light at approximately 22 C; (iv) making visual observations for presence or absence of algae growth in the treated cultures for a period of 3 weeks; (v) preparing subcultures to untreated media from negative cultures at the end of 1 week; (vi) observing subcultures after 1 week of incubation for viable algae. DTM, at 4.5, 2.25, and 1.125 ppm active ingredients or dilutions of 1:80,-000; 1: 160,000, and 1: 320,000, respectively, was tested. Untreated controls and standard positive controls of 1.0 ppm chlorine, provided by sodium hypochlorite, were observed.
The second series of tests were performed as follows: (i) placing 80 ml of the cultures in 125-ml Erlenmeyer flask (the Chlorella culture was centrifuged to provide 7.5 million cells per ml); (ii) adding the appropriate concentrations of the DTM or chlorine; (iii) culturing the algae under 150 ft-c continuous light at approximately 22 C; (iv) preparing film transparencies for comparison of the growth or kill of algae at 24-hr intervals for a period of 2 weeks, scoring growth from 0 as nil to 10 as maximum; (v) preparing subcultures at the end of 2 weeks; (vi) observing the subcultures after 1 week of incubation for viable algae. DTM at 4.5, 2.25, and 1.125 ppm active ingredients was tested. Chlorine concentrations of 1.0, 0.5, and 0.25 ppm, provided by sodium hypochlorite, were tested. Combinations of each of the concentrations of DTM with each of the concentrations of chlorine were tested. Untreated controls of the cultures were observed.
Bactericidal activity. Fitzgerald (1959) , in his evaluation of swimming pool bactericides and algicides, introduced a test method based upon bactericidal activity against a mixed bacteria population as found in settled sewage. Settled sewage probably contains most of the organisms found in swimming pools under the poorest maintenance conditions and provides a flora of both pathogenic and nonpathogenic organisms. The method was modified to include determination of the kill at various contact time intervals from 10 through 120 min. Tests were conducted in buffered distilled water (APHA, 1960) and also with 200 ppm added hardness (AOAC, 1960) . Tests were performed in both soft and hard waters at levels of 10,000 and 20,000 organisms per ml as provided by settled sewage.
The bactericidal tests were performed by: (i) placing 100 ml of sterile soft or hard water in a sterile dilution bottle; (ii) adding the suspension of settled sewage organisms to each bottle to provide approximately 10,000 or 20,000 organisms per ml; (iii) adding the appropriate concentrations of the DTM and chlorine; (iv) after contact for periods of 10, 20,30,60, and 120 min, remove aliquots for standard plate counts (APHA, 1960 1961] was not possible to produce a pH less than 7.8 due to the reaction of the concrete, water, etc. chlorine at 1.0, 0.5, and 0.25 ppm, individually and in combination, are provided in Table 2 . Results of the second series are in agreement with the first series for the materials as previously described. Combination of low levels of DTM with chlorine demonstrated greater activity against Chlorella than either material individually at higher concentrations. The combination of 2.25 ppm active ingredients of DTM with 1.0 ppm chlorine has an activity against Chlorella greater than the same concentrations individually. The same observation also applies to the combination of 2.25 ppm active ingredients of DTM with 0.5 ppm chlorine to perhaps an even greater degree. Such activity is presumably additive if not synergistic and suggests the desirability of combination treatments for control of algae.
RESULTS
Bactericidal activity. Results of the first series of tests, using DTM at 4.5, 2.25, and 1.125 ppm active ingredients in comparison to chlorine at 1.0 ppm, are provided in Table 3 . The curve for the reduction of sewage organisms as derived from data in Table 3 indicates that 4.5 and 2.25 ppm active ingredients DTM are comparable to 1.0 ppm chlorine, whereas the lowest DTM level (1.125 ppm) was less effective. Increased water hardness had minimal effect upon bactericidal activity of the higher DTM levels and the chlorine, whereas the lowest DTM level was much less effective against the organisms.
Results of the second series of tests, using DTM at 4.5, 2.25, and 1.125 ppm active ingredients alone and chlorine at 1.0, 0.5, and 0.25 ppm individually and in combination, are provided in Table 4 . Results of the second series is in agreement with the first series for the materials as proviously described. Combinations of low levels of DTM with chlorine demonstrated greater activity against sewage organisms than either material individually at higher concentrations. DTM at the various levels tested appeared to be comparable to 0.5 ppm chlorine, which is the chlorine level usually recommended for swimming pools. Combinations of 2.25 ppm and 1.125 ppm DTAI with 0.2 ppm chlorine appeared to be comparable or perhaps superior to 0.5 ppm chlorine.
Field testing. The swimming pool field tests in Florida were conducted in residential pools of 20,000-to 35,000-gal capacity. The pools were of either Gunite or painted concrete block construction and equipped with sand and gravel pressure filters in most instances. During the test the air temperatures ranged from a low of 75 F to a high of 90 F with an average low and high of 76 F and 88 F. The sun shown the greater portion of all except 2 days during the test; showers or heavy rains occurred either daily or nightly. The weather conditions were such as to be most favorable to the continual contamination of pools by algae, and for the rapid growth and multiplication of algae.
The daily observations and the treatments given to the pools are described in Table 5 for representative pools of groups A1, A2, B, and C, showing the effect upon the two general types of algae encountered. The surface temperatures of the water in the pools, without the pool heaters in operation, ranged between 26 C and 29 C. The pH tended to remain somewhat higher than 7.6 in the majority of the pools, despite efforts to reduce the pH to 7.2 to 7.6. The water supply had a pH of 8.0 to 8.2, with a hardness of about 8 gr (approximately 137 ppm). Both plankton algae similar to C. pyrenoidosa and black algae similar to P. retzii were encountered in the field testing. The representative pools shown in Table 5 include pools containing these types of algae in varying degrees. The algae appear to be controlled to prevent their growth in groups Al and A2, in which the algae were not apparent or very slight growth at the beginning of the test. These pools were previously categorized as having infrequent algae growth normally. The algae appear to have been destroyed in groups B and C in which the algae were present at the beginning of the test. These pools were previously categorized as having frequent moderate or heavy algae growth normally. Regrowth of the algae was prevented for the duration of the test. After DTMI treatment, black algal clusters similar to P. retzii readily peeled from the pool walls or bottom. Subsequent observations over a prolonged period during which the treatments were continued showed the absence of regrowth of any form of algae.
The results of the weekly bacteriological analysis of the water samples from the pools showed the water to be potable. The coliform bacteria were controlled in the pools to maintain a negative count. Bacteriological conditions met the requirements for public swimming pools in Florida. The total bacterial count was less in groups B and C, which were maintained at 0.1 to 0.3 chlorine residual with 2.25 ppm (1:160,000 dilution) DTM than groups A1 and A2. Group A1, maintained at 1.125 ppm (1:320,000 dilution) DTM with 0.1 to 0.3 ppm chlorine residual, was equivalent to group A2 maintained at 2.25 ppm (1:160,000 dilution) DTM without chlorine.
The average weekly consumption or requirement of sodium hypochlorite, before the test, as determined from the pool service records, and during the test, are given in Table 6 Preuner (1957) and Robinton, Mood, and Elliot (1957 Chlorine residuals of at least 0.5 ppm are generally recommended as the normal level for swimming pool maintenance; 1.0 ppm chlorine and higher are considered as super-or hyperchlorination. Higher levels are irritating to the swimmers and prevent use of the pool until the level has diminished. Various chlorine levels were tested alone and in combination with DTM to ascertain the treatment levels which would provide the effectiveness of the standard chlorine treatments without the undesirable results of high chlorine residuals. Results of the algicidal and bactericidal labora tory tests indicated the effectiveness of DTM as an algicidal and bactericidal agent. Combinations of low concentrations of DTM with low concentrations of chlorine effectively controlled the algae and sewage organisms.
Field tests provide the ultimate phase of testing for swimming pool additives and subject the product to a wide range of uncontrollable variables. If successful, the validity of laboratory tests may be established; however, failure in field tests may require modification of the product or the treatment levels and methods. Field testing provides an opportunity for evaluation of potential consumer acceptance and anticipation of possible difficulties to be encountered in the hands of the users. The treatment levels determined in the laboratory tests were incorporated into treatment levels and methods for swimming pool field tests. Results of the exploratory field tests determined the frequency of supplementary treatments to follow the initial treatment and the appropriate methods for maintenance of the pool. These treatment levels and methods were utilized in the subsequent field testing in Florida.
The weather conditions were favorable during the period of the field test. Immediately before the test period, a hurricane had passed through the area. Further observations were made concerning filtration, corrosion, appearance of the water, odor, and effect upon swimmers. Such observations were primarily subjective and based upon interview of the pool owners and the pool service operators. However, these are particularly important in determining the acceptability of the material and treatments on the part of the consumers and users. The elimination of skin and eye irritation and chlorine odor were of particular interest. Equally important, from the standpoint of pool appearance, was the elimination of the troublesome algae and improved brilliance and sparkle of the water. In comparison to the prior servicing requirements of the pools it appeared that the intervals could be increased between backwashing the filters, thereby decreasing the maintenance required for the pool. Sphaerotilus natans is a common inhabitant of polluted streams and may seasonally become an important nuisance, especially in commercial fishing areas. It has been suggested that the sudden appearance of the filamentous form of Sphaerotilus in large amounts implies the prior existence of the organism in the stream in the form of Cladothrix dichotoma (Naumann, 1933 Scheuring and Hohnl (1956) made extensive studies of the ability of S. natans to utilize selected carbon and nitrogen compounds as well as sulfite pulping wastes, measuring growth by visual estimation or by total dry weight.
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